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(57) In order to perform appropriate reception qual- 
ity control on each mobile station in a multimedia broad- 
cast/multicast service, a layered coding section 101 en- 
codes input data by dividing the Input data Into two lay- 
ers and obtains a first layer code string and a second 
layer code string. The first layer code string is Input to a 
ORG code addition section 1 02 and a CRC code for an 
error inspection is added thereto at every predetemiined 
block. On the other hand, the second layer code string 



Is input to a CRC code addition section 1 03 and a CRC 
code for an error Inspection is added thereto at eve- 
rypredetermlnedblock. The first layer code string and 
the second layer code string with the CRC codes added 
are Input to a layered modulation section 104 and the 
layered modulation section 104 modulates a plurality of 
code strings coded by being divided into a plurality of 
layers in such a way that en^or rates differ hierarchteally 
among the plurality of code strings and a radio section 
105 sends the modulated symbol. 
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Description 

Technical Field 

[0001] The present invention relates to a radio com- 5 
munication base station apparatus, radio conrvnunica- 
tion mobile station apparatus and radio communication 
method. 

Bacl^ground Art w 

[0002] In the field of mobile communications, techno- 
logical studies on multimedia broadcast/multicast serv- 
ice (hereinafter referred to as "I^IBMS") are undenA^ay 
recently. Communications carried out in MBMS are not is 
point to point (P-to-P) communications, but point to multl 
(P-to-M) communications. That is, in an MBMS, one ra- 
dio communication base station apparatus (hereinafter 
referred to as "base station") sends the same Infomia- 
tion to a plurality of radio communication mobile station ^ 
apparatuses (hereinafter referred to as "mobile sta- 
tions") simultaneously. 

[0003] The MBiVtS has a broadcast mode and multi- 
cast mode. While the broadcast mode Is a mode In 
which infonnatton is sent to ail mobile stations as with 25 
current radio broadcasting, the multicast mode is a 
mode in which Infomnation is sent to only specific mobile 
stations affiliating a news group or other services. 
[0004] Advantages in carrying out the MBMS include 
the following: That is, when each mobile station receives 30 
infomnation sent from a base station through a stream- 
ing sen/ice, etc., using one channel, if the number of 
mobile stations requesting the information increases, 
the load on the radio channel increases. However, when 
the MBMS is used, even if the number of mobile stations 35 
increases, all those mobile stations receive the infonna- 
tion using the same channel, and therefore it is possible 
to increase the number of mobile stations capable of re- 
ceiving the infomiatlon without increasing the load on 
the radio channel. Currently, distribution of traffic infer- 40 
matlon, music distribution, news distribution at a station, 
distribution of live coverage of a sport event, etc., are 
considered as services available using the MBMS and 
providing these services at a transmission rate of ap- 
proximately 8 to 256 kbps is under study. 45 
[0005] Here, when an attempt is made to provide high 
reception quality In an MBMS for a mobile station locat- 
ed on a cell boundary, this results in excessive reception 
quality for mobile stations located close to a base sta- 
tion, producing waste. In this case, transmit power of a so 
signal to be sent to the mobile station located on the ceil 
boundary grows extremely and causes a reduction of 
the subscriber capacity of the entire system as a con- 
sequence. 

55 

Disclosure of Invention 

[0006] It is an object of the present invention to pro- 



vide a radio communication base station apparatus, ra- 
dio communication mobile station apparatus and radio 
communication method capable of perfonnlng appropri- 
ate reception quality control over each mobile station in 
an MBMS. 

[0007] In order to solve the above described problems 
and attain the above described object, the present in- 
vention is characterized in that a plurality of code strings 
which is coded by being divided into a plurality of layers 
is modulated in such a way that en^or rates differ hierar- 
chically among the plurality of code strings. 
[0008] With this feature, even in the case such as an 
MBMS where the same infomnation is sent to a plurality 
of mobile stations, transmission rates and reception 
quality are divided hierarchically according to their dis- 
tances from the base station, and therefore It is possible 
to provide services at a high transmission rate and of 
high quality for mobile stations located near the base 
station on one hand, and provide services at a low trans- 
mission rate and of low quality with a minimum trans- 
mission rate and minimum quality guaranteed for mobile 
stations located on the cell boundary on the other. 

Brief Description of Drawings 

[0009] 

FIG.1 is a signal section diagram showing a 1 6QAM 

signal point arrangement; 

FIG.2A illustrates a decision method according to 

16QAM; 

FIG.2B illustrates a decision method according to 
16QAM; 

FIG.2C illustrates a decision method according to 
16QAM; 

FIG .2D illustrates a decision method according to 
16QAM; 

FIG. 3 is a block diagram showing a configuration of 
a base station according to Embodiment 1 of the 
present invention; 

FIG.4 is a block diagram showing a configuration of 
a mobile station according to Embodiment 1 of the 
present invention; 

F1G.5 illustrates a state In which code strings ac- 
cording to Embodiment 1 of the present invention 
are being sent; 

FIG.6 is a block diagram showing a configuration of 
a mobile station according to Embodiment 2 of the 
present invention; 

FIG. 7 is a block diagram showing a configuration of 
a base station according to Embodiment 2 of the 

present invention; 

FIG.8 illustrates a result of ranking according to Em- 
bodiment 2 of the present invention; 
FIG.9 is a block diagram showing a configuration of 
a mobile station according to Embodiment 3 of the 
present invention; 

FIG.1 0 illustrates a result of ranking according to 
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Embodiment 3 of the present Invention; 

FIG. 11 Illustrates a result of ranking according to 

Embodiment 3 of the present invention; 

FIG.12 Is a block diagram showing a configuration 

of a mobile station according to Embodiment 4 of 

the present inventk>n; 

FIG. 13 illustrates a block diagram showing a con- 
figuration of a mobile station according to Embodi- 
ment 5 of the present invention; 
FIG. 14 is a block diagram showing a configuration 
of a mobile station according to Embodiment 6 of 
the present Invention; 

FIG. 15 is a block diagram showing a configuration 
of a base station according to Embodiment 6 of the 
present invention; 

FIG.16 Is a block diagram showing a configuration 
of a mobile station according to Embodiment 7 of 
the present invention; and 
FIG, 17 is a block diagram showing a configuration 
of a mobile station according to Embodiment 8 of 
the present invention. 

Best Mode for Carrying out the Invention 

[00101 With reference now to the attached drawings, 
embodiments of the present Invention will be explained 
in detail below. 

(Embodiment 1) 

[0011] Among modulation schemes, there is a multi- 
value modulation scheme capable of transmitting a plu- 
rality of bits with one symbol. The multi-value modula- 
tion scheme Includes a QPSK (Quardrature Phase Shift 
Keying) which transmits 2 bits with one symbol, 1 6QAM 
(Quadrature Amplitude Modulation) which transmits 4 
bits with one symbol and 64QAM which transmits 6 bits 
with one symbol;. etc. For example, with the 16QAM, it 
Is possible to transmit 4-bit Information with one symbol 
by arranging 16 symbol points at different positions on 
the IQ plane. It is a signal space diagram that shows this 
symbol point arrangement. Taking a 16QAM as an ex- 
ample of a multi-value modulation scheme, a 16QAM 
signal space diagram will be explained. FIG.1 is a signal 
section diagram showing a 16QAM symbol point ar- 
rangement. 

[0012] As shown In FIG.1 , the 16QAM performs am- 
plitude modulation with four values on each of the l-axis 
and Q-axIs and thereby arranges 16 symbol points at 
different positions on the IQ plane. Using multi-values 
in this way allows 4-blt Infomnation to be transmitted with 
one symbol. When multi-values are used in this way, In 
order to improve a bit error rate characteristic, symbol 
points are arranged in such a way that one symbol dif- 
fers from another neighboring symbol by only one bit as 
shown In FIG.1 . This is called "gray coding." 
[0013] In the case of the 1 6QAM, the error rate of each 
bit within one symbol varies depending on the bit posi- 



tion. That is, in the case of the 16QAM, the third bit and 
fourth bit have a higher error rate than the first bit and 
the second bit. This will be explained below. As shown 
in FiG.1, a case where decision thresholds are set to 
5 +2, 0 and -2 for both the I channel and Q channel will 
be explained. 

[0014] FIG.2Ato FIG.2D illustrate a 16QAM decision 
method. Black bullets in FIG.2A to FIG.2D are the re- 
spective symbol points shown In FIG.1 and the assign- 
10 ment of bits in each symbol Is also the same as that 
shown in FIG.1. In this case, bits of each symbol are 
decided as follows. 

[0015] That Is, In FIG.1 , when attention is focused on 
the most significant bit (first bit) b1 , the plus area on the 
15 i-axIs (right-hand area with respect to the Q-axis) 1 1 is 
'0' and the minus area on the l-axis (left-hand area with 
respect to the Q-axis) 12 Is '1 *. Therefore, as shown In 
FiG.2A, on the receiver side, when a received symbol 
is located In the plus area 11 of the l-axis, b1 Is decided 
20 to be '0' and when the received symbol is located in the 
minus area 1 2 of the l-axis, b1 is decided to be '1 *. That 
is, by only deciding in whteh of the two areas the re- 
ceded symbol exists, it is possible to decide whether b1 
is'O'or'V. in other words, with regardtobi, it is possible 
2s to decide whether b1 Is '0' or '1 ' by deciding whether the 
value on the l-axis is positive or negative. 
[0016] Then, in FIG.1, when attention is focused on 
the second highest bit (second bit) b2, the plus area on 
the Q-axis (upper area with respect to the l-axis) 13 Is 
30 *0' and the minus area on the Q-axis (lower area with 
respect to the l-axis) 14 is *1'. Therefore, as shown in 
FIG.2B, on the receiver side, when the received symbol 
is located in the plus area 13 of the Q-axis, b2 is decided 
to be '0' and when the received symbol is located In the 
35 minus area 1 4 of the Q-axIs, b2 is decided to be *1 That 
is, by only deciding in which of the two areas the re- 
ceived symbol exists, it is possible to decide whether b2 
is '0' or '1 In other words, with regard to b2. it is possible 
to decide whether b2 is '0' or '1 ' by deciding whether the 
40 value on the Q-axis is positive or negative. 

[0017] Then, in FIG.I, when attention is focused on 
the third highest bit (third bit) b3, an area 15 whteh is 
equal to or greater than 0 and smaller than +2 and an 
area 16 whteh Is equal to or greater than -2 and smaller 
45 than 0 on the l-axis are '0' and an area 1 7 which is equal 
to or greater than +2 and an area 1 8 which is smaller 
than -2 on the l-axis are 'V. Therefore, on the receiver 
side, as shown in FIG.2C, when the received symbol is 
located in the area 15 whrch is equal to or greater than 
50 0 and smaller than +2 on the l-axis or the area 1 6 whk:h 
Is equal to or greater than -2 and smaller than 0, b3 Is 
decided to be *0* and when the received symbol is locat- 
ed in the area 1 7 which is equal to or greater than +2 on 
the l-axis or the area 1 8 which is smaller than -2, b3 is 
55 decided to be '1'. That is. it is necessary to decide in 
which of the four areas the received symbol Is located 
to decide whether b3 is 0 or 1 . 
[0018] Then, in FIG.1. when attention is focused on 
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the least significant bit (fourth bit) b4, an area 19 which 
is equal to or greater than 0 and smaller than +2 on the 
Q-axIs and an area 20 which is equal to or greater than 
•2 and smaller than 0 are '0' and an area 21 which is 
equal to or greater than +2 on the Q-axIs and an area 
22 which is smaller than -2 are T. Therefore, on the re- 
ceiver side, as shown In FIG.2D, when the received 
symbol Is located in the area 19 which is equal to or 
greater than 0 and smaller than +2 on the Q-axIs or the 
area 20 which is equal to or greater than -2 and smaller 
than 0, b4 is decided to be '0' and when the received 
symbol is located in the area 21 which is equal to or 
greater than +2 on the Q-axis or the area 22 which is 
smaller than -2, b4 is decided to be 'V. That is» it is nec- 
essary to decide in which of the four areas the received 
symbol is located to decide whether b4 is '0* or '1'. 
[0019] Thus, while it is only necessary to decide in 
which of the two areas the received symbol is located 
for b1 and b2, it is necessary to decide in which of the 
four areas the received symbol is located for b3 and b4. 
Furthemnore, the respective decision areas 11 to 1 4 are 
wider than the respective decision areas 16 to 22. 
Therefore, the probability that b1 and b2 may be decided 
erroneously is smaller than the probability that b3 and 
b4 may be decided erroneously. 
[0020] What is described above is not limited to 
16QAM. That is, the same applies to any multi-value 
modulation scheme in which one symbol Includes a plu- 
rality of bits and the error rate varies from one bit to an- 
other and higher bits have smaller eror rates. However, 
in the case of 1 6QAM, etc., error rates become the same 
for a plurality of bits. For example, with 1 6QAM, the first 
bit b1 and the second bit b2 have the same error rate 
and the third bit b3 and the fourth bit b4 have the same 
error rate. 

[0021] Thus, taking advantage of the fact that the er- 
ror rate of each bit varies depending on the position of 
the bit within a multi-value modulated symbol, this em- 
bodiment modulates a plurality of code strings coded by 
being divided into a plurality of layers in such a way that 
their error rates vary hierarchically among the plurality 
of code strings. That is, of the plurality of code strings, 
code strings whose error rate is preferred to be reduced 
are modulated by being assigned to higher bits of the 
plurality of bits making up the symbol. This will be 
achieved with the following configuration. 
[0022] FIG.3 is a block diagram showing a configura- 
tion of a base station according to Embodiment 1 of the 
present invention. The base station shown in FIG.3 is 
used in a system canying out an MBMS and sends a 
symbol with the same content to a plurality of mobile 
stations. This base station is constructed of a layered 
coding section 1 01 , a CRC (Cyclic Redundancy Check) 
code addition section 1 02, a CRC code addition section 
103, a layered modulation section 104, a radio section 
105 and an antenna 106. 

[0023] The layered coding section 101 obtains a first 
layer code string and a second layer code string through 



dividing data input into two layers and encoding those. 
The first layer code string is a minimum necessary code 
string for a mobile station to obtain decoded data 
through decoding. Therefore, the first layer may also be 
5 called a "base layer." Furthennore, the second layer 
code string is a code string additional to the first layer 
code string and is a code string necessary to obtain high 
quality decoded data through decoding at the mobile 
station. 

10 [0024] Therefore, the second layer may also be called 
an "enhanced layer." The mobile station which is the re- 
ceiver side perfomns decoding using both the first layer 
code string and the second layer code string or using 
only the first layer code string. That is, it is possible to 
IS obtain decoded data of higher reception quality when 
decoding is periomned using both the first layer code 
string and the second layer code string than when de- 
coding is perfonned using only the first layer code string. 
[0025] Here, as an example, suppose both the first 
20 layer code string and the second layer code string are 
code strings having a transmission rate of 32 kbps. Fur- 
thermore, suppose 32 kbps is the minimum transmis- 
sion rate to be guaranteed in an MBMS. In this way, 
when the mobile station perfomns decoding using both 
the first layer code string and the second layer code 
string, it is possible to obtain decoded data having a high 
transmission rate of 64 kbps, while when decoding is 
perfonned using only the first layer code string, it is pos- 
sible to obtain decoded data having the minimum trans- 
mission rate to be guaranteed of 32 kbps. This is be- 
cause the decoding using only the first layer code string 
uses fewer codes than the decoding using both the first 
layer code string and the second layer code string. 
[0026] In FIG.3, the first layer code string is input to 
the CRC code addition section 102 where a CRC code 
for an error check is added thereto at every predeter- 
mined block. Furthennore, the second layer code string 
is input to the CRC code addition section 103 where a 
CRC code for an error check is added thereto at every 
predetenmined block. The first layer code string and the 
second layer code string with CRC codes added are in- 
put to the layered modulation section 104. 
[0027] The layered modulation section 104 modu- 
lates the first layer code string and the second layer 
code string Into symbols by using a multi-value modu- 
lation scheme. In this case, as described above, by tak- 
ing advantage of the fact that the error rate of each bit 
varies depending on the position of the bit in the symbol 
subjected to multi-value modulation, modulation is per- 
fonned in such a way that the error rates differ hierar- 
chically between the first layer code string and the sec- 
ond layer code string. Here, suppose 16QAM is used as 
the multi-value modulation scheme. That is, since the 
first layer code string is a minimum necessary code 
string to obtain decoded data through decoding at the 
mobile station, In other words, a code string of greater 
importance than the second layer code string, a smaller 
en^or rate than the second layer code string is prefen-ed 
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to be. On the contrary, since the second layer code 
string is a code string necessary to obtain decoded data 
of high quaiity by decoding at the mobile station, in other 
words, it is an additional code string which is not always 
necessary to obtain decoded data, even if it has a larger 
error rate than the first layer code string and is thereby 
lost, it is still possible to obtain decoded data of minimum 
quality. Therefore, the layered modulation section 104 
perfonDS modulation by assigning the respective bits of 
the first layer code string to the higher 2 bits b1 and b2 
in FIG. 1 and assigning the respective bits of the second 
layer code string to the lower 2 bits b3 and b4 in FIG.1 . 
Thus, the en^or rate of the first layer code string is smaller 
than the error rate of the second layer code string. That 
is, modulation Is perfomned in such a way that the enror 
rates differ hierarchically between the first layer code 
string and the second layer code string. 
[0028] The modulated symbol Is subjected to radio 
processing such as up-conversion at the radio section 
1 05 and then transmitted to a plurality of mobile stations 
simultaneously through the antenna 106. That is, an 
MBMS is perfomned from the base station to a plurality 
of mobile stations. Since one symbol includes both the 
first layer code string and the second layer code string, 
the transmit power of the first layer code string is equal 
to the transmit power of the second layer code string. 
[0029] FIG.4 is a block diagram showing a configura- 
tion of a mobile station according to Embodiment 1 of 
the present invention. 

[0030] The mobile station shown In FIG.4 is construct- 
ed of an antenna 201 , a radio section 202, a demodu- 
lation section 203, a separation section 204, an en-or 
inspection section 205, an en-or inspection section 206 
and a layered decoding section 207. 
[0031 ] The radio section 202 applies radio processing 
such as down-conversion to a symbol received through 
the antenna 201 and inputs the received symbol to the 
demodulation section 203. 

[0032] The demodulation section 203 demodulates 
the received symbol using a 16QAM demodulation 
scheme. The demodulated symbol is input to the sepa- 
ration section 204. 

[0033] Since each symbol demodulated by the de- 
modulation section 203 consists of 4 bits, the separation 
section 204 separates the 4 bits Into higher two bits b1 
and b2 and lower two bits b3 and b4. Since the first layer 
code string is assigned to the higher two bits and a sec- 
ond layer code string is assigned to the lower two bits, 
the 4 bits are separated into the first layer code string 
and the second layer code string through this separa- 
tion. The first layer code string Is input to the error in- 
spection section 205 and the second layer code string 
is input to the error inspection section 206. 
[0034] The error inspection section 205 carries out a 
CRC at every predetermined block to check whether the 
first layer code string contains some error or not. If there 
is some error, the code string included in the block is 
discarded. On the other hand, if there is no error, the 



code string included In the block is Input to the layered 

decoding section 207. 

[0035] The error inspection section 206 canries out a 
CRC at every predetermined block to check whether the 

s second layer code string contains some error or not. If 
there is some error, the code string included in the block 
is discarded. On the other hand, if there is no en^or, the 
code string included in the block is input to the layered 
decoding section 207. 

10 [0036] When there are no errors in both the first layer 
code string and the second layer code string, both the 
first layer code string and the second layer code string 
are input to the layered decoding section 207, and there- 
fore the layered decoding section 207 perfonms decod- 

is ing using both the first layer code string and the second 
layer code string. Thus, In this case, decoded data of 64 
kbps is obtained. Furthennore, when there Is no error in 
the first layer code string but there Is some error in the 
second layer code string, only the first layer code string 

20 is input, and therefore decoding Is perfonned using only 
the first layer code string. In this case, decoded data of 
32 kbps is obtained. 

[0037] Since the bit positions in the symbol of the first 
layer code string and the second layer code string are 

25 as shown above, no case where there is some error in 
the first layer code string and there is no error in the 
second layer code string nomnally occurs. Even if such 
a case occurs, since the second layer code string is an 
additional code string for the first layer code string, de- 

30 coded data cannot be obtained by the second layer code 
string alone. Furthennore, when both the first layer code 
string and the second layer code string have errors, of 
course no decoded data is obtained. 
[0038] Here, as shown In FIG.5. suppose an MBMS 

35 is canied out when the mobile station #1 (MS#1) Is lo- 
cated near the base station (BS) and the mobile station 
#2 (MS#2) is located on the cell boundary. As described 
above, the base station sends the first layer code string 
and the second layer code string having different error 

^ rates to the mobile station #1 and mobile station #2 with 
the same transmit power at the same time. Since the 
second layer code string has a poorer error rate char- 
acteristic than the first layer code string, even if the mo- 
bile station #1 and mobile station #2 receive the same 

^ symbol, the mobile station #1 which has a shorter dis- 
tance from the base station is likely to receive both the 
first layer code string and the second layer code string 
without errors, whereas the mobile station #2 which has 
a greater distance from the base station is likely to re- 

so ceive the first layer code string without enrors but second 
layer code string with errors. Therefore, while the mobile 
station #1 can receive data of 64 kbps, the mobile station 
#2 can receive data of 32 kbps whtoh is a minimum guar- 
anteed transmission data in the MBMS. Furthennore, 

S5 the reception quality at the mobile station #1 Is higher 
than the reception quality at the mobile station #2. 
[0039] Thus, in this embodiment, apluralityof code 
strings coded by being divided into a plurality of layers 
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is modulated in such a way that the error rates differ hi- 
erarchically among the plurality of code strings, and 
therefore even when a symbol of the same content is 
sent to a plurality of mobile stations as with an MBMS, 
it is possible to differentiate the transmission rate and 
reception quality hierarchically according to the distance 
from the base station. Therefore, it is possible to provide 
services at a high transmission rate and of high quality 
to a mobile station located near the base station on one 
hand, and provide services at a low transmission rate 
and of low quality to a mobile station located on the ceil 
boundary with a minimum transmission rate and mini- 
mum quality guaranteed on the other. That is, In an 
MBMS, this embodiment can provide services with 
transmission rates and reception quality divided hierar- 
chically. 

[0040] In this embodiment, the base station carries 
out layered coding which encodes data divided Into two 
layers. However, this layered coding may also be per- 
fomned by a radio channel control station apparatus 
which is connected to the base station or a contents 
server which is connected to the radio channel control 
station apparatus. In this case, the first layer code string 
and the second layer code string are output in parallel 
from the radio channel control station apparatus or the 
contents server. 

[0041] Furthemriore, this embodiment carries out lay- 
ered coding in two layers, but layered coding is not lim- 
ited to two layers and all that Is required is that there is 
at least a plurality of layers. For example, when coding 
is carried out in three layers, it is possible to use 64QAM 
as the modulation scheme and modulate a plurality of 
code strings coded by being divided into three layers in 
such a way that the en-or rates differ hierarchically 
among the plurality of code strings as with the case de- 
scribed above. 

{Embodiment 2) 

[0042] Excessively high transmit power of a symbol 
sent from a base station may cause interference with 
other cells or prevent resources from being assigned to 
other channels. On the contrary, excessively small 
transmit power may prevent symbols from reaching a 
mobile station located on a cell boundary. This makes It 
impossible to provide a minimum transmission rate to 
be guaranteed of 32 kbps to the mobile station located 
on the cell boundary. Therefore, this embodiment per- 
forms appropriate transmit power control In an MBMS 
as follows. 

[0043] FIG.6 Is a block diagram showing a configura- 
tion of a mobile station according to Embodiment 2 of 
the present invention. Furthennore, FIG. 7 is a block di- 
agram showing a configuration of a base station accord- 
ing to Embodiment 2 of the present invention. However, 
explanations of the same parts as those of the configu- 
ration in the foregoing embodiment will be omitted. 
[0044] In the mobile station shown in FIG.6, a CIR 



measuring section 208 measures a CIR (Carrier to In- 
terference Ratio) as reception quality of a received sym- 
bol and inputs the value to a notification signal genera- 
tion section 209. The notification signal generation sec- 
s tlon 209 generates a signal for notifying the measured 
CIR and inputs the signal to a radio section 202. There, 
the notification signal is subjected to radio processing 
such as up-conversion at the radio section 202 and 
transmitted to a base station through an antenna 201 . 
10 [0045] Since the base station sends the same symbol 
to a plurality of mobile stations, the base station shown 
in FIG.7 receives notification signals from a plurality of 
mobile stations, in FIG.7, a notification signal received 
through an antenna 1 06 is subjected to radio processing 
such as down-conversion at a radio section 105 and 
then input to a ranking section 107. 
[0046] The ranking section 107 ranks CIRs notified 
from a plurality of mobile stations and selects a minimum 
CIR. The selected minimum CIR is input to a transmit 
power decision section 108. The transmit power deci- 
sion section 108 decides transmit power of the symbol 
based on a difference between the minimum CIR and 
the CIR corresponding to the minimum transmission 
rate to be guaranteed (here 32 kbps) out of a plurality 
of transmission rates (here 64 kbps and 32 kbps) pro- 
vided for the mobile station. A specific example thereof 
will be shown below. 

[0047] For example, suppose the base station re- 
ceives notification signals from three mobile stations 
and obtains a result of CIR ranking as shown in FtG.8. 
In this case, the ranking section 1 07 selects 3 dB as the 
minimum CIR. In FIG.8, CIR lowers in order of mobile 
station #1 , mobile station #2 and mobile station #3. and 
therefore the distance of each mobile station from the 
base station is estimated to Increase in this order. The 
mobile station #3 In particular is estimated to be located 
on the cell boundary with a high probability. 
[0048] Now, suppose the CIR to obtain a minimum 
transmission rate to be guaranteed of 32 kbps is 2 dB. 
Then, 3dB as the minimum CIR selected by the ranking 
section 107 exceeds the CIR necessary to obtain the 
transmission rate of 32 kbps by 1 dB. Thus, in this case, 
the transmit power decision section 108 decides to re- 
duce the transmit power of the symbol by 1 dB and in- 
structs it to a transmit power control section 1 09. Fol- 
lowing the instruction from the transmit power decision 
section 108, the transmit power control section 109 de- 
creases the transmit power of the demodulated symbol 
from the cun-ent level by 1 dB. 
[0049] On the other hand, when the minimum CIR se- 
lected by the ranking section 107 is for example, 1 dB, 
the minimum CIR falls short of the CIR necessary to ob- 
tain the transmission rate of 32 kbps by 1 dB. Thus, in 
this case, the transmit power decision section 108 de- 
cides to increase the transmit power of the symbol by 1 
dB and instructs it to the transmit power control section 
109. Following the instruction from the transmit power 
decision section 1 08, the transmit power control section 
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109 increases the transmit power of the demodulated 
symbol from the current level by 1 dB. 
[0050] By performing such transmit power control, at 
the mobile station #3 which is estimated to be farthest 
from the base station, the CIR of the received symbol 
becomes 1 dB and decoded data is obtained at the min- 
imum transmission rate to be guaranteed of 32 kbps. 
Furthennore, using the minimum CIR out of the CIRs 
measured by a plurality of mobile stations as a refer- 
ence, the base station controls transmit power in such 
a way that the mobile station #3 which has notified the 
minimum CIR has an optimum CIR to obtain the mini- 
mum transmission rate to be guaranteed, and therefore 
even if the transmit power has been reduced, the mobile 
station #1 and mobile station #2 which are estimated to 
be located closer to the base station than the mobile sta- 
tion #3 can always obtain transmission rates equal to or 
greater than the minimum transmission rate to be guar- 
anteed. 

[0051] As shown above, this embodiment performs 
transmit power control In such a way that the minimum 
transmission rate to be guaranteed can be maintained 
at a mobile station having the lowest reception CIR, and 
therefore it is possible to provide transmission rates 
equal to or greater than the minimum transmission rate 
to be guaranteed to all mobile stations in an MBMS and 
realize appropriate transmit power control with exces- 
sive transmit power reduced. 

[0052] In this embodiment, a CI R is used as reception 
quality, but the reception quality is not limited to the CIR 
and reception power or an SIR (Signal to Interference 
Ratio) can also be used. This will also apply to the fol- 
lowing embodiments likewise. 

(Embodiment 3) 

[0053] In this embodiment, a mobile station notifies a 
base station of a difference between a CIR of a received 
symbol and a CIR to obtain a minimum transmission rate 
to be guaranteed out of a plurality of transmission rates 
provided for the mobile station. 
[0054] FIG.9 is a block diagram showing a configura- 
tion of a mobile station according to Embodiment 3 of 
the present invention. However, detailed explanations 
of the same parts as those in the foregoing embodiment 
will be omitted. 

[0055] In the mobile station shown In FIG.9, a CIR 
measuring section 208 measures a CIR as reception 
quality of a received symbol and inputs the value to a 
gap cateulation section 210. The gap calculation section 
210 calculates a difference between the CIR measured 
by the CIR measuring section 208 and a CIR to obtain 
a minimum transmission rate to be guaranteed of 32 kb- 
ps and inputs the value of the CIR difference to a noti- 
fication signal generation section 209. The notification 
signal generation section 209 generates a signal to no- 
tify the difference calculated by the gap calculation sec- 
tion 210 and inputs it to a radio section 202. The notifi- 



cation signal is subjected to radio processing such as 
up-conversion by the radio section 202 and sent to a 
base station through an antenna 201 . 
[0056] The configuration of the base station according 

s to this embodiment Is the same as the configuration 
shown in FIG.7 above. However, the operations of a 
ranking section 1 07 and transmit power decision section 
1 08 are different from those in the above described em- 
bodiment. The base station according to this embodi- 

10 ment will be explained below. 

[0057] Since the base station sends the same symbol 
to a plurality of mobile stations, the base station shown 
in FIG.7 receives notification signals from a plurality of 
mobile stations. In FIG.7, a notification signal received 

IS through an antenna 1 06 is subjected to radio processing 
such as down-conversion at a radio section 105 and 
then input to a ranking section 107. 
[0058] The ranking section 107 ranks CIR differences 
notified from a plurality of mobile stations and selects a 

20 value whose absolute value Is largest out of differences 
having minus values (that Is, when a CIR of a received 
symbol is lower than a CIR to obtain a minimum trans- 
mission rate to be guaranteed of 32 kbps). When there 
are no differences having minus values, the ranking sec- 

25 tion 1 07 selects a value whose absolute value is largest 
out of differences having plus values (that is, when a 
CIR of a received symbol is higher than a CIR to obtain 
a minimum transmission rate to be guaranteed of 32 kb- 
ps). The selected value is input to a transmit power de- 

30 cision section 1 08, The transmit power decision section 
108 decides transmit power of the symbol based on the 
value of the difference input from the ranking section 
107. A specific example thereof will be shown below. 
[0059] For example, suppose the base station re- 

35 cetves notification signals from three mobile stations 
and obtains a result of ranking of CIR difference as 
shown in FIG.1 0. That Is, this is a case where the mobile 
station #1 obtains a transmission rate equal to or higher 
than the minimum transmission rate to be guaranteed 

40 of 32 kbps, whereas the mobile station #2 and mobile 
station #3 cannot obtain the minimum transmission rate 
to be guaranteed of 32 kbps. In FIG. 1 0, the ranking sec- 
lion 1 07 selects -3 dB and inputs it to the transmit power 
decision section 1 08. At the mobile station #3 having a 

45 CIR difference of -3 dB, the CIR of the received symbol 
falls short of the CIR to obtain a transmission rate of 32 
kbps by 3 dB. Therefore, in this case, the transmit power 
decision section 1 08 decides to increase the transmit 
power of the symbol by 3 dB and instructs the transmit 

50 power control section 109 to do so. Following the in- 
struction from the transmit power decision section 108, 
the transmit power control section 109 increases the 
transmit power of the modulated symbol from the cur- 
rent level by 3 dB. 

55 [0060] On the other hand, suppose the base station 
receives notification signals from three mobile stations 
and the result of ranking of CIR differences is as shown 
in FIG.1 1. That is, this is a case where all the mobile 
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stations can obtain transmission rates equal to or great- 
er than the minimum transmission rate to be guaranteed 
of 32 kbps. In the case of FIG.11. the ranking section 
107 selects +2 dB and inputs it to the transmit power 
decision section 108. At the mobile station #3 having a 
CIR difference of +2 dB, the CIR of the received symbol 
exceeds the CIR to obtain the transmission rate of 32 
kbps by 2 dB. Thus, In this case, the transmit power de- 
cision section 108 decides to decrease the transmit 
power of the symbol by 2 dB and instructs the transmit 
power control section 109 to do so. Following the in- 
struction from the transmit power decision section 108, 
the transmit power control section 1 09 decreases the 
transmit power of the modulated symbol from the cur- 
rent level by 2 dB. 

[0061 ] Through such transmit power control, the CIR 
of the received symbols at all the mobile stations be- 
come equal to or greater than the CIR to obtain the min- 
imum transmission rate to be guaranteed of 32 kbps. 
When ail the mobile stations obtain transmission rates 
equal to or greater than the minimum transmission rate 
to be guaranteed of 32 kbps and decrease transmit pow- 
er, the base station decreases the transmit power by an 
amount corresponding to the least value out of the CIR 
differences (all plus values) notified from the plurality of 
mobile stations, and therefore all the mobile stations can 
obtain the minimum transmission rate to be guaranteed 
of 32 kbps in this case, too. 

[0062] Thus, as with Embodiment 2, this embodiment 
perfomDs transmit power control so that the minimum 
transmission rate to be guaranteed can be maintained 
at the mobile station having the lowest reception CIR, 
and can thereby provide transmission rates equal to or 
greater than the minimum transmission rate to be guar- 
anteed at all the mobile stations In an MBMS and also 
perfonn appropriate transmit power control with exces- 
sive transmit power reduced. 

(Embodiment 4) 

[0063] The base station according to Embodiment 2 
perfonns transmit power control using a CIR to obtain a 
minimum transmission rate to be guaranteed of 32 kbps 
as a reference. That is. when the CIR notified from a 
mobile station exceeds a CIR to obtain a transmission 
rate of 32 kbps, the base station reduces transmit power, 
and on the contrary when the CIR notified from the mo- 
bile station falls short of the CIR to obtain the transmis- 
sion rate of 32 kbps (that is, when the mobile station 
cannot obtain decoded data), the base station increases 
transmit power. Thus, the fonner requires notification 
from the mobile station canying out decoding at the 
transmission rate of 32 kbps and the tatter requires no- 
tification from the mobile station that cannot obtain de- 
coded data. In other words, there is no need for notifi- 
cation from the mobile station carrying out decoding at 
a higher transmission rate (here 64 kbps) than the min- 
imum transmission rate to be guaranteed of 32 kbps and 



transmission of a communteation signal from such a mo- 
bile station results In useless transmission. 
[0064] Thus, in this embodiment, only the mobile sta- 
tion carrying out decoding at a transmission rate equal 
5 to or lower than a minimum transmission rate to be guar- 
anteed out of a plurality of transmission rates provided 
for mobile stations notifies the reception CIR to the base 
station. 

[0065] FIG. 12 is a block diagram showing a configu- 

10 ration of a mobile station according to Embodiment 4 of 
the present invention. However, detailed explanations 
of the same parts as those in the configuration in the 
foregoing embodiment will be omitted. The configura- 
tion of a base station which receives the notification sig- 

is nal sent from the mobile station according to this em- 
bodiment is the same as that of Embodiment 2, and 
therefore the explanations thereof will be omitted. 
[0066] In the mobile station shown in FIG.12, an error 
Inspection section 205 Inputs an error detection result 

20 of a first layer code string to a transmission rate decision 
section 21 1 . On the other hand, an error Inspection sec- 
tion 206 Inputs an error inspection result of a second 
layer code string to the transmission rate decision sec- 
tion 211 . The transmission rate decision section 211 de- 

25 cides the transmission rate of the decoded data based 
on the error Inspection result. When the transmission 
rate Is equal to or lower than a minimum transmission 
rate to be guaranteed (here 32 kbps) out of a plurality 
of transmission rates (here 64 kbps and 32 kbps) pro- 

30 vided for the mobile station, the transmission rate deci- 
sion section 211 instructs a notification signal genera- 
tion section 209 to send a notification signal (signal to 
notify a CIR measured by a CIR measuring section 208). 
The notification signal generation section 209 sends the 

35 notification signal to the base station only when a trans- 
mission instruction is received from the transmission 
rate decision section 211. 

[0067] Then , a method of deciding a transmission rate 
will be explained. As shown above, when there is no er- 

^0 ror in both the first layer code string and the second layer 
code string, a layered decoding section 207 perfomis 
decoding using both the first layer code string and the 
second layer code string. Thus, in this case, decoded 
data of 64 kbps Is obtained. Therefore, when there is no 

^5 error in both the first layer code string and the second 
layer code string, the transmission rate decision section 
211 does not instruct the notification signal generation 
section 209 to send any notification signal. 
[0068] Furthemnore, when the first layer code string 

50 has no enor and the second layer code string has some 
eoor, the layered decoding section 207 perfomis decod- 
ing using only the first layer code string. Thus, in this 
case, decoded data of 32 kbps is obtained. Therefore, 
when the first layer code string has no errors and the 

55 second layer code siring has some en-or, the transmis- 
sion rate decision section 211 instructs the notification 
signal generation section 209 to send a notification sig- 
nal. 
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[0069] Furthermore, when the first layer code string 
has some en^or and the second layer code string has no 
en^or, the layered decoding section 207 cannot obtain 
decoded data through the second layer code string 
alone. That Is, the transmission rate becomes 0 kbps. 
Thus, when the first layer code string has some en^or 
and the second layer code string has no en^or. the trans- 
mission rate decision section 211 Instructs the notifica- 
tion signal generation section 209 to send a notification 
signal. 

[0070] Furthenmore, when both the first layer code 
string and the second layer code string have errors, the 
layered decoding section 207 cannot obtain decoded 
data through the second layer code string alone. That 
is, the transmission rate becomes 0 l<bps. Therefore, 
when both the first layer code string and the second lay- 
er code string have errors, the transmission rate deci- 
sion section 211 Instructs the notification signal gener- 
ation section 209 to send a notification signal. 
[0071] By canying out transmission control over a no- 
tification signal, the base station according to Embodi- 
ment 2 perfomts transmit power control based on the 
CIR notified from a mobile station carrying out decoding 
at or below a minimum transmission rate to be guaran- 
teed. 

[0072] Thus, this embodiment prevents transmission 
of useless notification signals from the mobile station, 
and can thereby increase the available channel capacity 
on the uplink (channel from the mobile station to the 
base station). Furthemiore, compared to Embodiment 
2, the number of CIRs to be ranked is decreased, and 
therefore the base station can reduce the amount of 
processing and time required for ranking processing 
and improve trackabllity of transmit power control as a 
consequence. 

(Embodiment 5) 

[0073] For the same reason as that explained in Em- 
bodiment 4, Embodiment 3 needs no notification from a 
mobile station carrying out decoding at a transmission 
rate higher than a minimum transmission rate to be 
guaranteed of 32 kbps, transmission of a communica- 
tion signal from such a mobile station becomes useless 
transmission. 

[0074] Therefore, in this embodiment, only a mobile 
station canylng out decoding at a transmission rate 
equal to or lower than a minimum transmission rate to 
be guaranteed out of a plurality of transmission rates 
provided for the mobile station notifies a base station of 
a difference between a reception CIR and reception 
quality to obtain the minimum transmission rate to be 
guaranteed. 

[0075) FIG.13 is a block diagram showing a configu- 
ration of a mobile station according to Embodiment 5 of 
the present invention. However, detailed explanations 
of the same parts as those in the conftguration of the 
above described embodiment will be omitted. The con- 



45 



figuration of the base station which receives a notifica- 
tion signal sent from the mobile station according to this 
embodiment Is the same as that of Embodiment 3, and 
therefore explanations thereof will be omitted. 
5 [0076] In the mobile station shown in FIG. 1 3, an error 
Inspection section 205 inputs an error Inspection result 
of a first layer code string to a transmission rate decision 
section 211 . On the other hand, an error inspection sec- 
tion 206 inputs an error inspection result of a second 

10 layer code string to the transmission rate decision sec- 
tion 211. The transmission rate decision section 21 1 de- 
cides a transmission rate of the decoded data based on 
these en-or inspection results. When the transmission 
rate is equal to or lower than a minimum transmission 

IS rate to be guaranteed (here 32 kbps) out of a plurality 
of transmission rates (here 64 kbps and 32 kbps) pro- 
vided for the mobile station, the transmission rate deci- 
sion section 211 instructs a notification signal genera- 
tion section 209 to send a notification signal (signal to 

^ notify a difference calculated by a gap cateulation sec- 
tion 210). The notification signal generation section 209 
sends a notification signal to the base station only when 
a transmission instruction is received from the transmis- 
sion rate decision section 211 . The method of deciding 

2s a transmission rate is the same as that in Embodiment 
4, and therefore explanations thereof will be omitted. 
[0077] When transmission control over the notifica- 
tion signal Is perfomned in this way, the base station ac- 
cording to Embodiment 3 perfomis transmit power con- 

30 trol based on the CI R difference notified from the mobile 
station carrying out decoding at a transmission rate 
equal to or lower than the minimum transmission rate to 
be guaranteed. 

[0078] Thus, this embodiment prevents transmission 
35 of useless notification signals from the mobile station, 
and can thereby increase the available channel capacity 
on the uplink. Furthennore, compared to Embodiment 
3, the number of CIRs to be ranked decreases at the 
base station, and therefore it Is possible to reduce the 
^0 amount of processing and time required for ranking 
processing. As a result, it is possible to improve tracka- 
bllity of transmit power control. 



(Embodiment 6) 



[0079] In this embodiment, a base station perfonns 
transmit power control according to Instructions of in- 
crease/decrease from a mobile station. 
[0080] FIG. 1 4 is a block diagram showing a conf Igu- 

so ration of a mobile station according to Embodiment 6 of 
the present Invention. Furthemiore, FIG.15 is a block 
diagram showing a configuration of a base station ac- 
cording to Embodiment 6 of the present invention. How- 
ever, detailed explanations of the same parts as those 

S5 in the configuration of the above described embodiment 
will be omitted. 

[0081] In the mobile station shown in F1G.14, a CIR 
measuring section 208 measures a CIR as reception 
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quality of a received symbol and inputs the value to a 
TPC generation section 212. Furthennore, when the 
transmission rate is equal to or lower than a minimum 
transmission rate to be guaranteed (here 32 kbps) out 
of a plurality of transmission rates (here 64 Id^ps and 32 
kbps) provided for the mobile station, the transmission 
rate decision section 211 instructs the TPC generation 
section 212 to generate and transmit a TPC (Transmis- 
sion Power Control) signal. The method of deciding a 
transmission rate is the same as that in Embodiment 4. 
The TPC generation section 212 generates a TPC sig- 
nal and sends it to the base station only when an instruc- 
tion is received from the transmission rate decision sec- 
tion 211 . The TPC signal is generated as follows. 
[0082] That is, when the CIR measured by the CIR 
measuring section 208 falls short of the CIR to obtain 
the minimum transmission rate to be guaranteed of 32 
kbps, the TPC generation section 212 generates a TPC 
signal for Instructing an increase of transmit power and 
sends it to the base station. On the other hand, when 
the CIR measured by the CIR measuring section 208 
exceeds the CIR to obtain the minimum transmission 
rate to be guaranteed of 32 kbps, the TPC generation 
section 21 2 generates a TPC signal for Instructing a de- 
crease of transmit power and sends It to the base sta- 
tion. However, a TPC signal is generated and sent only 
when an instruction is received from the transmission 
rate decision section 21 1 . That is, only when the trans- 
mission rate Is equal to or lowerthan the minimum trans- 
mission rate to be guaranteed (here 32 kbps) out of a 
plurality of transmission rates (here 64 kbps and 32 kb- 
ps) provided for the mobile station. This Is for the same 
reason as that described in Embodiment 4. 
[0083] Since the base station sends the same symbol 
to a plurality of mobile stations, the base station shown 
In FIG. 1 5 receives TPC signals from a plurality of mobile 
stations. In FIG.15, a TPC signal received through an 
antenna 1 06 is subjected to radio processing such as 
down-conversion at a radio section 105 and Input to a 
TPC decision section 110. 

[0084] The TPC decision section 1 1 0 decides the con- 
tent of an instruction indicated by the TPC signal, that 
Is, decides whether the instruction is for an increase of 
transmit power or a decrease of transmit power. Then, 
when at least one of a plurality of Instructions is an in- 
struction for an increase of transmit power, the TPC de- 
cision section 110 instructs a transmit power control sec- 
tion 1 08 to increase transmit power. On the other hand, 
when all of the plurality of instructions are instructions 
for decreasing transmit power, the TPC decision section 
110 instructs the transmit power control section 108 to 
decrease transmit power. The transmit power control 
section 109 Increases or decreases the transmit power 
of a symbol according to instructions from the TPC de- 
cision section 110 by specified quantity. 
[0085] Thus, according to this embodiment, only a 
mobile station canrying out decoding at a transmission 
rate equal to or lower than the minimum transmission 



rate to be guaranteed out of a plurality of transmission 
rates provided for the mobile station Instructs the base 
station to Increase or decrease transmit power, and 
therefore it is possible to provide transmission rates 

s equal to or higher than the minimum transmission rate 
to be guaranteed to all mobile stations in an MBMS and 
perfomi appropriate transmit power control with exces- 
sive transmit power reduced. Furthennore, this embod- 
iment prevents transmission of useless TPC signals 

10 from mobile stations, and can thereby increase a chan- 
nel capacity available on the uplink. 

(Embodiment 7) 

15 [0086] In this embodiment, a mobile station notifies a 
base station of a difference between a CIR of a received 
symbol and a CIR to obtain a transmission rate request- 
ed by the own station out of a plurality of transmission 
rates provided for the mobile station. 
[0087] F1G.1 6 is block diagram showing a configura- 
tion of a mobile station according to Embodiment 7 of 
the present invention. However, detailed explanations 
of the same parts as those in the configuration of the 
above described embodiment will be omitted. 
[0088] In the mobile station shown In FIG.16, a CIR 
measuring section 208 measures a CIR as reception 
quality of a received symbol and inputs the value to a 
gap calculation section 210. A transmission rate re- 
questing section 213 Inputs the value of a transmission 
rate requested by the own station to the gap cateulation 
section 210. The transmission rate requested by the 
own station may be set by a mobile station user or set 
according to the content of decoded data and the setting 
method Is not particularly limited. For example, when the 
decoded data is fast-moving Image data, a high trans- 
mission rate Is required and a relatively high transmis- 
sion rate among a plurality of transmission rates provid- 
ed for the mobile station is set. The gap calculation sec- 
tion 21 0 calculates a difference between the CIR meas- 
ured by the CIR measuring section 208 and the CIR to 
obtain the transmission rate requested by the own sta- 
tion and Inputs the value of the CIR difference to a no- 
tification signal generation section 209. The notification 
signal generation section 209 generates a signal to no- 
tify the difference calculated by the gap calculation sec- 
tion 210 and Inputs It to a radio section 202. The notifi- 
cation signal Is subjected to radio processing such as 
up-conversion at the radio section 202 and sent to the 
base station through an antenna 201. 
[0089] The configuration of the base station according 
to this embodiment Is the same as the configuration 
shown In FIG.7 above. However, the operation of the 
ranking section 107 differs from that of the above de- 
scribed embodiment. The base station according to this 
embodiment will be explained below. 
[0090] Since the base station sends the same symbol 
to a plurality of mobile stations, the base station shown 
in FIG.7 receives notification signals from a plurality of 
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mobile stations. In FIG.7, a notification signal received 
through an antenna 1 06 is subjected to radio processing 
such as down-conversion at a radio section 105 and 
then input to a ranking section 107. 
[0091] The ranking section 107 ranks CIR differences 
notified from a plurality of mobile stations and selects a 
value whose absolute value is largest out of differences 
having minus values (that is, when the CIR of a received 
symbol Is lower than the CIR to obtain the transmission 
rate requested by the mobile station). When there is no 
difference having a minus value, the ranking section 1 07 
selects a value whose absolute value is least out of dif- 
ferences having plus values (that Is, when the CIR of a 
received symbol is higher than the CIR to obtain the 
transmission rate requested by the mobile station). The 
selected value Is input to a transmit power decision sec- 
tion 108. The transmit power decision section 108 de- 
cides the transmit power of the symbol based on the val- 
ue of the difference input from the ranking section 107. 
A specific example thereof will be shown below. 
[0092] For example, suppose the base station re- 
ceives notification signals from three mobile stations 
and obtains a result of ranking of CIR difference as 
shown in FIG. 10. That is, a case where a mobile station 
#1 can obtain a transmission rate equal to or higher than 25 
the transmission rate requested by the own station and 
mobile station #2 and mobile station #3 cannot obtain 
the transmission rates requested by the own stations. 
In the case of FIG.10 above, the ranking section 107 
selects -3 dB and inputs it to the transmit power decision 30 
section 108. At the mobile station #3 having a CIR dif- 
ference of -3 dB, the CIR of a received symbol falls short 
of the CIR to obtain the transmission rate requested by 
the own station by 3 dB. Thus, in this case, the transmit 
power decision section 108 decides to increase the 35 
transmit power of the symbol by 3 dB and instructs a 
transmit power control section 109 to do so. The trans- 
mit power control section 109 increases the transmit 
power of the modulated symbol by 3 dBfrom the cun^ent 
transmit power according to the instruction from the 
transmit power decision section 108. 
[0093] On the other hand, suppose the base station 
receives notification signals from three mobile stations 
and obtains a result of ranking of CIR differences as 
shown in FIG. 11 above. That is, it is a case where all 45 
mobile stations obtain transmission rates equal to or 
higherthan the transmission rates requested by the own 
stations. In the case of FIG. 11 above, the ranking sec- 
tion 1 07 selects +2 dB and inputs it to the transmit power 
decision section 1 08. At the mobile station #3 having a so 
CIR difference of +2 dB, the CIR of the received symbol 
exceeds the CIR to obtain the transmission rate request- 
ed by the own station by 2 dB. Thus, in this case, the 
transmit power decision section 108 decides to de- 
crease the transmit power of the symbol by 2 dB and ss 
Instructs the transmit power control section 109 to do 
so. The transmit power control section 109 decreases 
the transmit power of the modulated symbol from the 



cunrent transmit power by 2 dB according to the instruc- 
tion from the transmit power decision section 108. 
[0094] By carrying out such transmit power control, 
the CIRs of the received symbol at all mobile stations 
5 become equal to or higher than the CIRs to obtain the 
transmission rates requested by the own stations. When 
transmission rates equal to or higherthan the transmis- 
sion rates requested by ail the mobile stations are ob- 
tained and transmit power is decreased, the base sta- 
10 tion decreases transmit power by an amount corre- 
sponding to the least value of CIR differences (all plus 
values) notified from the plurality of mobile stations, and 
therefore even in this case, it is possible to obtain trans- 
mission rates equal to or higher than the transmission 
IS rates requested by the own stations of all the mobile sta- 
tions. 

[0095] Thus, this embodiment performs transmit pow- 
er control so that transmission rates requested by mo- 
bile stations can be maintained, and can thereby provide 
20 transmission rates equal to or higher than transmission 
rates requested by the mobile stations to all the mobile 
stations and perfomn appropriate transmit power control 
with excessive transmit power reduced in an MBMS. 

(Embodiment 8) 

[0096] In this embodiment, a mobile station instructs 
a base station to increase/decrease transmit power 
based on a result of a comparison between a CIR of a 
received symbol and a CIR to obtain a transmission rate 
requested by the own station out of a plurality of trans- 
mission rates provided for the mobile station. 
[0097] FIG. 1 7 is a block diagram showing a configu- 
ration of a mobile station according to Embodiment 8 of 
the present invention. However, detailed explanations 
of the same parts as those in the foregoing embodiment 
will be omitted. The configuration of a base station whteh 
receives a TPC signal sent from the mobile station ac- 
cording to this embodiment is the same as that of Em- 
bodiment 6, and therefore explanations thereof will be 
omitted. 

[0098] In the mobile station shown in FIG.17, a CIR 
measuring section 208 measures a CIR as reception 
quality of a received symbol and Inputs the value to a 
TPC generation section 212. A transmission rate re- 
questing section 213 inputs the value of a transmission 
rate requested by the own station to the TPC generation 
section 21 2. The TPC generation section 21 2 generates 
a TPC signal and sends it to the base station. A TPC 
signal is generated as follows. 
[0099] That is, when the CIR measured by the CIR 
measuring section 208 is lower than the CIR to obtain 
the transmission rate requested by the own station, the 
TPC generation section 212 generates a TPC signal for 
instructing an increase of transmit power and sends it 
to the base station. On the other hand, when the CIR 
measured by the CIR measuring section 208 Is equal to 
or higher than the CIR to obtain the transmission rate 
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requested by the own station, the TPC generation sec- 
tion 212 generates a TPC signal for instructing a de- 
crease of transmit power and sends it to the base sta- 
tion. 

[0100] Thus, according to this embodiment, the mo- 5 
bile station instructs an increase or decrease of transmit 
power based on a result of a comparison between a CIR 
of a received symbol and a CIR to obtain a transmission 
rate requested by the own station, and therefore it is 
possible to provide transmission rates equal to or higher io 
than transmission rates requested by the mobile station 
to all the mobile stations in an MBMS and perfomn ap- 
propriate transmit power control with excessive transmit 
power reduced. 

[01 01 1 As described above, the present invention can ' 5 
perfomn appropriate control on reception quality and 
transmit power for each mobile station in an MBMS. 
[01 02] This application is based on the Japanese Pat- 
ent Application No. 2002-1 97772 filed on July 5, 2002, 
entire content of which is expressly incorporated by ref- 20 
erence herein. 

Industrial Applicability 

[0103] The present invention is applicable to a radio 25 
communication base station apparatus used in a mobile 
communication system and a radio communication mo- 
bile station apparatus which communicates with this ra- 
dio communication base station apparatus. 



Claims 

1. A radio communication base station apparatus 
comprising: 3s 

a modulation section that modulates a plurality 
of code strings coded by being divided into a 
plurality of layers in such a way that error rates 
differ hierarchically among said plurality of code ^0 

strings; and 

a transmission section that transmits a modu- 
lated symbol. 

2. The radio communication base station apparatus 
according to claim 1 , wherein said modulation sec- 
tion modulates code strings whose error rates are 
pref en-ed to be reduced out of said plurality of code 
strings with said code strings assigned to higher bits 

of a plurality of bits making up the symbol. so 

3. The radio communication base station apparatus 
according to claim 1 , further comprising a transmit 
power control section that controls transmit power 

of said modulated symbol so as to obtain a trans- ss 
mission rate equal to or higher than a minimum 
transmission rate to be guaranteed out of a plurality 
of transmission rates provided for a radio commu- 



nication mobile station apparatus. 

4. The radio communication base station apparatus 
according to claim 1 , further comprising a transmit 
power control section that controls transmit power 
of said modulated symbol so as to obtain a trans- 
mission rate equal to or higher than a transmission 
rate requested by a radio communication mobile 
station apparatus out of a plurality of transmission 
rates provided for the radio communication mobile 
station apparatus. 

5. The radio communication base station apparatus 
according to claim 1 , further comprising a transmit 
power control section that controls transmit power 
of said modulated symbol based on a difference be- 
tween the reception quality at a radio communica- 
tion mobile station apparatus and the reception 
quality corresponding to a minimum transmission 
rate to be guaranteed out of a plurality of transmis- 
sion rates provided for the radio communication 
mobile station apparatus. 

6. The radio communication base station apparatus 
according to claim 1 , further comprising a transmit 
power control section that controls transmit power 
of said modulated symbol based on a difference be- 
tween the reception quality at a radio communica- 
tion mobile station apparatus and the reception 
quality corresponding to a transmission rate re- 
quested by the radio communication mobile station 
apparatus out of a plurality of transmission rates 
provided for the radio communication mobile station 
apparatus. 

7. The radio communication base station apparatus 
according to claim 1 , further comprising a transmit 
power control section that increases transmit power 
of said modulated symbol when at least one of a 
plurality of radio communication mobile station ap- 
paratuses instructs an increase of transmit power 
and decreases transmit power of said modulated 
symbol when all of the plurality of radio communi- 
cation mobile station apparatuses instruct a de- 
crease of transmit power. 

8. A radio communication mobile station apparatus 
that communicates by radio with a radio communi- 
cation base station apparatus comprising: 

a modulation section that modulates a plurality 
of code strings coded by being divided Into a 
plurality of layers in such a way that error rates 
differ hierarchically among said plurality of code 
strings; and 

a transmission section that transmits the mod- 
ulated symbol, said radio communication mo- 
bile station apparatus comprising: 
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a demodulation section that demodulates a re- 
ceived symbol; 

a separation section that separates a plurality 
of bits making up the demodulated symbol Into 
said plurality of code strings; 
an Inspection section that inspects whether 
each of said plurality of separated code strings 
contains an en-or or not; and 
a decoding section that performs decoding us* 
ing a code string with no error out of said plu- 
rality of code strings. 

9. The radio communication mobile station apparatus 
according to daim further comprising: 

a measuring section that measures reception 
quality of a received symbol; and 
a notification section that notifies said radio 
communication base station apparatus of the 
measured reception quality. 

10. The radio communication mobile station apparatus 
according to daim 9, wherein, when the cun-ent 
transmission rate is equal to or lower than a mini- 
mum transmission rate to be guaranteed out of a 
plurality of transmission rates provided for the radio 
communication mobile station apparatus, said noti- 
fication section notifies said radio communication 
base station apparatus of the reception quality 
measured by said measuring section. 

11. The radio communication mobile station apparatus 
according to claim 8, further comprising: 



according to claim 8, further comprising: 

a measuring section that measures reception 
quality of a received symbol; and 
5 an Instruction section that gives, when the cur- 

rent transmission rate is equal to or lower than 
a minimum transmission rate to be guaranteed 
out of a plurality of transmission rates provided 
for the radio communication mobile station ap- 
10 paratus, one of an instruction to Increase trans- 

mit power and an instruction to decrease trans- 
mit power to said radio communication base 
station apparatus based on a result of a com- 
parison between the reception quality meas- 
IS ured by said measuring section and the recep- 

tion quality corresponding to said minimum 
transmission rate to be guaranteed. 

14. The radio communication mobile station apparatus 
20 according to claim 8, further comprising: 

a measuring section that measures reception 

quality of a received symbol; 

a calculation section that calculates a differ- 

25 ence between the measured reception quality 

and the reception quality corresponding to a 
transmission rate requested by the own station 
out of a plurality of transmission rates provided 
for the radio communication mobile station ap- 

30 paratus; and 

a notification section that notifies said radio 
communication base station apparatus of the 
calculated difference. 
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a measuring section that measures reception 
quality of a received symbol; 
a calculation section that calculates a differ- 
ence between the measured reception quality 
and the reception quality con-esponding to a 
minimum transmission rate to be guaranteed 
out of a plurality of transmission rates provided 
for the radio communication mobile station ap- 
paratus; and 

a notification section that notifies said radio 
communication base station apparatus of the 
calculated difference. 

12. The radio communication mobile station apparatus 
according to claim 11, wherein, when the current 
transmission rate is equal to or lower than a mini- 
mum transmission rate to be guaranteed out of a 
plurality of transmission rates provided for the radio 
communication mobile station apparatus, said noti- 
fication sedion notifies said radio communication 
base station apparatus of the difference calculated 
by said calculation section. 

13. The radio communication mobile station apparatus 



35 15. The radio communication mobile station apparatus 
according to claim 8, further comprising: 

a measuring section that measures reception 
quality of a received symbol; and 
^0 a notification section that notifies said radio 

communication base station apparatus of an In- 
struction to increase transmit power or an in- 
struction to decrease transmit power based on 
a result of a comparison between the measured 
reception quality and the reception quality cor- 
responding to a transmission rate requested by 
the own station out of a plurality of transmission 
rates provided for the radio communication mo- 
bile station apparatus. 

50 

16. A radio communication method comprising the 
steps of: 

a radio communication base station apparatus 
55 modulating a plurality of code strings coded by 

being divided Into a plurality of layers In such a 
way that error rates differ hierarchically among 
said plurality of code strings and transmitting 
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the modulated symbol to the radio communrca- 
tion mobile station apparatus; and 
said radio communication mobile station appa- 
ratus demodulating the received symbol, sep- 
arating a plurality of bits making up the demod- 
ulated symbol into said plurality of code strings, 
inspecting whether each of said plurality of sep- 
arated code strings contains an en^or or not and 
perionning decoding using code strings with no 
error out of said plurality of code strings. 
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